INTRODUCTION
Snakebites in dogs are frequently seen in small animal practice in South Africa 14 . Treatment, however, is usually symptomatic which includes large volumes of intravenous fluids 13 . In human and canine cases, the snake is often not identified, the patient presents a day or more after the event and the history is vague 1, 6, 13, 14 . Boomslang (Dispholidus typus) bites, in dogs and humans, are infrequent as these snakes are arboreal, placcid and shy 6, 13, 14, 15 . Boomslang venom is a potent procoagulant that, in humans, activates prothrombin (factor II) and factor X resulting in disseminated intravascular coagulation (DIC), a consumptive coagulopathy, with consequent haemorrhage 1, 6, 9, 11 . Thrombocytopaenia is inconsistent and may be delayed in some cases 1, 3, 9 . In dogs and humans DIC may result in multiple organ failure, of which the kidneys and lungs are usually the most severely affected 6, 7, 10, 13 . Small dogs are often the most severely affected due to the higher venom to mass ratio 11, 13 . This case report describes the clinical signs, treatment and outcome of 2 dogs from the same household in South Africa that were bitten by a boomslang.
CASE HISTORIES Case 1: The Jack Russell Terrier
A 5-year old neutered male Jack Russell terrier was presented, together with the cranial half of an olive-brown snake, to a veterinary clinic near Durban early one morning. The snake was identified as a boomslang (Dispholidus typus) by the veterinarian and later confirmed by a KwaZulu-Natal Parks Board officer. The Jack Russell Terrier was alert and appeared clinically normal apart from bleeding profusely from 2 parallel punctures 4 mm long and 12 mm apart on the inner surface of the right ear pinna. According to the owner the bleeding had started immediately after the snakebite, 18 hours earlier, and did not respond to applied pressure and ice. A peripheral blood smear did not show any obvious abnormalities and the haematocrit was 35 %, determined by microcapillary tube centrifugation. A padded pressure bandage was applied to the venipuncture site and digital pressure was applied to the blood smear puncture site for 15 minutes to control bleeding. A diagnosis of boomslang envenomation was made and 2 vials of boomslang monovalent antivenom were ordered directly from the South African Institute of Medical Research (SAIMR)* in Johannesburg to be couriered overnight, because the local human hospitals did not stock boomslang antivenom. The patient was treated with an intravenous crystalloid infusion (Sabax Ringer-Lactate) at a flow rate of 1½ times maintenance (33 m /hr) and intravenous ampicillin (Ranamp, Ranbaxy) at 20 mg/kg twice a day. The dog continued to bleed profusely in hospital, despite a padded pressure bandage, which started seeping blood within 1 hour of application. Owing to delay in the delivery of the antivenom, the uncontrollable haemorrhage, and because a normal haematocrit initially occurs following acute blood loss, a whole blood transfusion was given as interim treatment 6, 13, 20 . Five hundred m of fresh whole blood, from an unmatched canine donor, was administered slowly (5 m /kg/hour) intravenously. This had no clinical effect on the haemorrhage. The dog's appetite remained good during the day and night.
By the time the boomslang antivenom arrived, 44 hours after the snakebite, the patient was depressed and clinically anaemic (pale mucous membranes, weak pulse, normal temperature and respiration, normal capillary refill time, lethargic but responded when called by name). The punctures on the dog's ear were still bleeding profusely. There were no signs of haemorrhage from anywhere else on the dog. The microhaematocrit had decreased to 11 % despite the blood transfusion. The dog was given 7 m boomslang antivenom slowly intravenously and the bleeding stopped within 45 minutes after administration. The dog started vomiting 90 minutes after the antivenom administration and was treated with metaclopramide (Clopamon, Pharmacare) at 0.5 mg/kg intravenously. The dog also started showing very fast nystagmus (rapid phase to the left) and became dyspnoeic (inspiratory and expiratory) and tachypnoeic. On auscultation inspiratory crackles could be heard. The dog was treated with hydrocortisone sodium succinate (Solu-Cortef, Pharmacia) at 14 mg/kg intravenously and furosamide (Salix, Intervet) at 2 mg/kg intravenously for the adverse respiratory reactions to the antivenom. The nystagmus slowed down and the dog's respiration improved shortly thereafter. Three hours later, the adverse respiratory reaction had resolved, the dog's respiration had normalised and the nystagmus had stopped. An iron-containing tonic (Heptonic, Kyron) was given orally at 5 m twice daily.
Blood coagulation profiles were run before the antivenom was administered and 4½ hours thereafter. Although the results of the latter sample were still out of the normal range, the improvement in response to the antivenom was marked and the uncontrollable bleeding had stopped. (Table 1.) On the 3rd day (24 hours after antivenom was administered) the dog's habitus and colour had improved, although the dog vomited once in the morning. This was treated with metaclopramide as well as ondansetron (Zofran, GlaxoSmithKline) at 0.1 mg/kg intravenously. The dog started eating small amounts of Hills a/d in the afternoon and was discharged on the 4th day with amoxycillin (Moxymax, MDI) at 20 mg/kg twice daily for another 4 days and an iron containing tonic. Although the dog was still mildly subdued, the microhaematocrit had increased to 27 %.
Case 2: The Dachshund
A 5-year old neutered male Dachshund from the same owner was presented, at the same time as the Jack Russell Terrier, to the same veterinary clinic. The Dachshund was bleeding very slowly from 2, 4 mm parallel punctures, 12 mm apart, adjacent to the manubrium of the sternum. The bleeding had started immediately after the snakebite 18 hours earlier and had slowly continued. The dog was otherwise clinically normal. A peripheral blood smear did not show any obvious abnormalities. Prolonged digital pressure was required to control bleeding from the blood smear puncture site. A diagnosis of boomslang envenomation was made. The dog's habitus was good and remained so during the entire stay in the hospital. The area around the wounds was shaved and cleaned. The dog was treated with intravenous crystalloid infusions (Sabax Ringer-Lactate) at a flow rate of 1½ times maintenance (40 m /hr) and was given ampicillin (Ranamp, Ranbaxy) at 20 mg/kg twice a day intravenously. The overnight monitoring was unremarkable and no additional treatment was given until the antivenom arrived. The dog was treated with 3 m boomslang monovalent antivenom slowly intravenously and the bleeding stopped within 45 minutes.
The Dachshund vomited once, 3 hours after the antivenom administration. This was treated with metaclopramide (Clopamon, Pharmacare) at 0.5 mg/kg intravenously. The dog soon started eating again and was discharged the same day with amoxycillin (Moxymax, MDI) at 20 mg/kg twice daily for another 4 days.
Blood coagulation profiles were run before the antivenom was administered and 4½ hours thereafter. The latter results were within the normal range and lower than the control sample. (Table 1 .)
DISCUSSION
The only specific treatment for boomslang envenomation is boomslang monovalent antivenom 1, 6, 11, 20 . A unit of antivenom (10 m ) neutralises a fixed quantity of venom and therefore is not given as a dose per kilogram 13 . In these 2 dogs the symptoms were assumed to be indicative of the volume of venom received. The Jack Russell showed more severe clinical signs than the Dachshund and was therefore given a larger quantity of the antivenom. A 2nd vial was available had the bleeding not stopped within 1 hour. A small test dose is no longer required by the SAIMR in their package insert and was therefore unnecessary 13, 20 . No additional laboratory tests were done on these 2 dogs to confirm the presence of DIC such as fibrinogen, fibrinogen degradation products (FDP), d-dimer or a full blood count 3, 10 . In humans, boomslang venom causes DIC, although thrombocytopaenia is not always initially evident 1, 3, 6, 9, 17 . It has been extrapolated from the human literature that boomslang envenomation can cause DIC in dogs 13, 17, 20 . DIC was presumed in these 2 dogs based on the history and clinical examination, despite the normal appearing blood smear. Peripheral blood smears are not always a true reflection of central venous cell counts 19 . Although heparin has been recommended in the past as a treatment for DIC and specifically venom induced DIC, it is controversial 1,6,7,10,20. More recently it has been said to be contraindicated as boomslang venom-induced DIC is heparin resistant 11, 13, 21 . The anticoagulant effect of heparin is dependent on adequate antithrombin III (AT III) levels, which are depleted in venom-induced canine DIC (AT III levels may also be depleted in other forms of canine DIC) 8, 10, 13 . Fibrin-stabilising and thrombolytic drugs are also contra-indicated. Fibrin-stabilising drugs prolong the lifespan of micro-thrombi and aggravate end-organ ischaemia and hypoxia which may be fatal. Physiological fibrinolysis is necessary to clear the microthrombi. It is the coagulation, not the haemorrhage, which has the greatest impact on morbidity and mortality 3, 10 . Intravenous fluids help to maintain circulation and reduce the possibility of multiple organ failure 7, 10 . The fresh whole blood transfusion of the Jack Russell failed to prevent continued bleeding as the transfused clotting factors were probably consumed by the venom activity 1 . This may have aggravated the DIC by 'feeding the fires' of the coagulopathy 6 . Fresh or fresh frozen plasma could also have been used as a source of clotting factors, as the haematocrit was still relatively high 20 . The red blood cells may have been life saving as the microhaematocrit decreased from 35 % to 11% despite the transfusion (part of the decrease in haematocrit would have been due to the dilutional effect of the intravenous fluids). Had the blood not been administered, the microhaematocrit may have been lower. More blood transfusions may have maintained a higher haematocrit, but may also have aggravated the DIC 6 . Another blood transfusion after the antivenom administration, which was the definitive turning point, may have resulted in a more rapid recovery.
The vomiting experienced by both patients was a typical adverse reaction to the antivenom. The adverse respiratory reaction and nystagmus were probably also reactions to the antivenom, but may also have been due to the DIC. The timing of these reactions (1½ and 3 hours after antivenom administration) is more indic- . Serum sickness (characterised by pruritic skin rash, pyexia and arthralgia about 10 days after treatment) is seldom seen in dogs 13 . The iron containing tonic was given to provide essential nutrients that were lost during the prolonged bleeding episode, to support new red blood cell production. Owing to the critical condition of the dogs, antibiotics were administered to prevent secondary infections. Snake mouths may carry various bacteria and the open bite wounds may become secondarily infected 5, 13, 20 . However, snake venom has antibacterial properties and sepsis in human snakebite victims is usually associated with haematoma or necrosis at the bite site 4 .
Although the Dachshund continued to bleed after admission to hospital, it was mild, and the dog was never in a critical or life threatening condition. This dog may have recovered with symptomatic and supportive therapy alone, including fresh or fresh frozen plasma 17, 20 . However, the antivenom administration was again the definitive turning point. Antivenom is readily available and can be couriered to most parts of South Africa overnight*. 
